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Phosphorylation-Dependent Binding of 14-3-3
to the Polarity Protein Par3
Regulates Cell Polarity in Mammalian Epithelia
the PALS1/PATJ/CRB3 and Par3/Par6/aPKC complexes
interact via PALS1-Par6 binding [2]. In order to precipi-
tate this supramolecular complex and associated pro-
teins, we covalently linked a peptide corresponding to
the carboxy-terminal 20 amino acids (including the PDZ
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(PALS1, PATJ, Par3, and aPKC), we were able to co-930 N. University
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3-3 is associated with the polarity complex (Figure 1A).
There are multiple mammalian 14-3-3 isofoms, all of
which display a very high degree of sequence homology.Summary
Blast sequence analysis revealed that the C. elegans
Par5 protein displayed highest homology to mammalianThe mammalian homologs of the C. elegans parti-
tioning-defective (Par) proteins have been demon- 14-3-3. In addition, Drosophila melanogatser 14-3-3
(as well as 14-3-3) has been demonstrated to be in-strated to be necessary for establishment of cell po-
larity. In mammalian epithelia, the Par3/Par6/aPKC volved in oocyte polarization [4]. Subsequently, we
cloned 14-3-3 from a mouse kidney cDNA library, con-polarity complex is localized to the tight junction and
regulates its formation and positioning with respect structed a GST-14-3-3 bacterial expression plasmid,
and used recombinant GST-14-3-3 to perform pull-to basolateral and apical membrane domains. Here
we demonstrate a previously undescribed phosphory- downs from MDCK cell lysates. We found that, of the
polarity proteins examined, Par3 was highly enrichedlation-dependent interaction between a mammalian
homolog of the C. elegans polarity protein Par5, 14- after GST-14-3-3 pulldown, suggesting that 14-3-3
may directly associate with Par3 (Figure 1B). To test this3-3, and the tight junction-associated protein Par3.
We identify phosphorylated serine 144 as a site of 14- hypothesis, we immunoprecipitated either endogenous
Par3 or HA-Par3 from MDCK or HA-Par3 stable MDCK3-3 binding. Expression of a Par3 mutant that contains
serine 144 mutated to alanine (S144A) results in de- cells, respectively, and subjected them to Far Western
analysis by using a radiolabeled GST-14-3-3 probefects in epithelial cell polarity. In addition, overexpres-
sion of 14-3-3 results in a severe disruption of polarity, (Figure 1C). Two major bands were identified in both
instances, a high molecular-weight band correspondingwhereas overexpression of a 14-3-3 mutant that is
defective in binding to phosphoproteins has no effect to Par3 and a low molecular-weight band likely to be a
result of dimerization of the probe with endogenous 14-on cell polarity. Together, these data suggest a novel,
phosphorylation-dependent mechanism that regu- 3-3. Together, these data suggest a direct interaction
between 14-3-3 and Par3.lates the function of the Par3/Par6/aPKC polarity com-
plex through 14-3-3 binding.
The Par3-14-3-3 Interaction IsResults
Phosphorylation Dependent
Initial work on 14-3-3 proteins identified them as binding14-3-3 Associates with the PALS1/PATJ/
to phosphorylated ligands. Study of the 14-3-3-Raf inter-CRB3-Par3/Par6/aPKC Complex
action led to the identification of the optimal consensus14-3-3 proteins mediate multiple cellular events, includ-
14-3-3 binding sequences, RSXpS/TXP and RXXXpS/ing scaffolding of signaling molecules, regulation of en-
TXP [5]. In addition, it has been demonstrated that 14-zyme catalysis, and subcellular targeting. The C. elegans
3-3 can also bind to the non-phosphorylated motif GHSL14-3-3 homolog, Par5, has been previously demon-
[6]. To determine whether a prerequisite of the interac-strated to be required for correct anterior-posterior zy-
tion of 14-3-3 with Par3 is phosphorylation of Par3, wegote polarization [1]. Other Par proteins (such as Par3
generated two Myc-tagged 14-3-3 mutants (K49E andand Par6) have been shown to regulate tight junction
V176D) that have been previously shown to inhibit theformation and epithelial cell polarity. Because mutations
phosphorylation-dependent binding of 14-3-3 to Rafin Par3, Par5, and Par6 all disrupt polarization of the C.
[7, 8]. It was found that HEK 293 cells contain an endoge-elegans zygote, we investigated whether 14-3-3 was
nous Par3/Par6/aPKC complex (T.W.H. and B.M., un-functionally associated with the PALS1/PATJ/CRB3-
published observations) and that Myc-tagged wild-typePar3/Par6/aPKC supramolecular polarity complex in
14-3-3was able to efficiently coimmunoprecipitate HA-mammalian epithelia. Previously, we demonstrated that
tagged Par3 (Figure 2A). However, neither Myc-14-3-3
K49E nor V176D mutants were able to coimmunoprecipi-*Correspondence: bmargoli@umich.edu
5 These authors contributed equally to this work. tate HA-Par3. These data suggest that, as in MDCK cells,
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Figure 1. 14-3-3 Associates with the Par3/Par6/aPKC via Direct
Binding to Par3
(A) Immobilized CRB3 carboxy-terminal peptides were used to pre-
cipitate endogenous PALS1 and associated polarity proteins from
MDCK cells. Expression levels (input) of endogenous proteins are
shown in the left lane. A CRB3 peptide missing the PALS1-PDZ
binding motif (CRB3ERLI) was used as a negative control com-
pared to the full-length CRB3 peptide (CRB3).
(B) Immobilized GST-14-3-3 was used to precipitate the endoge-
nous polarity proteins Par3, aPKC, and PALS1 from MDCK lysates.
Immobilized GST alone (GST) was used as a negative control.
Figure 2. Par3/14-3-3 Binding Is Phosphorylation Dependent(C) Endogenous Par3 or HA-Par3 was immunoprecipitated (IP) from
MDCK or HA-Par3 stable MDCK cells, respectively, subjected to (A) Wild-type (wt) or phospho-protein binding mutant (K49E and
electrophoresis, and transferred to nitrocellulose prior to incubation V176D) Myc-14-3-3 was immunoprecipitated from HEK 293 cells
with a radiolabeled GST-14-3-3 Far Western probe. Rabbit preim- transiently transfected with HA-Par3 and either wild type or mutant
mune sera were used for control immunoprecipitations (Pre). Myc-14-3-3. Subsequent immunoprecipitates (IP) were immu-
noblotted for Myc-14-3-3 and HA-Par3. Expression levels were
determined by immunoblotting cell lysates (L).
(B) HA-Par3 immunoprecipitated from HEK 293 cells (IP) was incu-in HEK 293 cells Par3 and 14-3-3 are able to interact and
bated in the presence or absence of lambda phosphatase ( PPase)that this interaction requires the conserved phospho-
and phosphatase inhibitors (PPase inhibitors) prior to incubationmotif binding amphipathic groove of 14-3-3. To deter-
with purified GST-14-3-3. GST-14-3-3 and HA-Par3 were detected
mine whether phosphorylation of Par3 is necessary, we with -GST and -HA antibodies, respectively.
immunoprecipitated HA-Par3 from HEK 293 cells and (C) Endogenous Par3 was immunoprecipitated (IP) from MDCK cells,
treated with or without  PPase, subjected to electrophoresis, andtreated it with or without recombinant lambda phospha-
transferred to nitrocellulose prior to incubation with a radiolabeledtase prior to incubation with soluble GST-14-3-3. We
GST-14-3-3 Far Western probe.found that the ability of GST-14-3-3 to bind to HA-
(D) Myc-14-3-3 was immunoprecipitated (IP) from HEK293 cellsPar3 was lost after phosphatase treatment (Figure 2B).
cotransfected with HA-Par3 and/or HA-aPKC. Associated proteins
Binding of GST-14-3-3 to HA-Par3 was recovered by were detected by immunoblot.
addition of phosphatase inhibitors to the phosphatase (E) Myc-14-3-3 or Myc-14-3-3 was immunoprecipitated (IP) from
HEK293 cells cotransfected with HA-Par3.reaction. Furthermore, to confirm that 14-3-3 directly
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Figure 3. Phosphorylation of Par3 Serine 144 Generates a 14-3-3 Binding Site
(A) Shown is a 9.4 Tesla electrospray ionization Fourier transform ion cyclotron resonance (FT-ICR) mass spectrum of an unfractionated in-
gel tryptic digest of Par3 (an asterisk indicates internal calibrants). In total, five spectra at different injection conditions resulted in detection
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Figure 4. Cells Expressing Par3 (S144A) Form Disorganized Cysts that Lack a Central Lumen
Stable MDCK cells as in Figure 3E were grown in a collagen matrix for ten days on filters, treated with collagenase, fixed, and permeabilized
prior to being stained as indicated.
binds Par3 in a phosphorylation dependent manner, we is necessary for the direct interaction with 14-3-3 (Fig-
ure 2C). Together, these data demonstrate that phos-immunoprecipitated endogenous Par3 from MDCK cell
lysates and treated it with or without  phosphatase phorylation of Par3 is required for 14-3-3 binding.
14-3-3 proteins have been described to act as a scaf-prior to Far Western analysis with a radiolabelled GST-
14-3-3 probe. Treatment of immunoprecipitates with  fold for the aPKCRaf-1 signaling complex by binding
phosphorylated residues on both kinases [9]. Becausephosphatase completely abolished binding of the Far
Western probe, indicating that phosphorylation of Par3 aPKC/ is found complexed with Par3, we investigated
of 410 isotopic clusters (some of these appeared in more than one spectrum and are thus counted more than once). Of these clusters, 176
could be identified ( 10 ppm mass error) as different charge states of tryptic peptides from Par3, corresponding to a protein sequence
coverage of 60.5%. The inset shows the mass-to-charge region of the triply protonated species identified as the phosphorylated tryptic
peptide corresponding to amino acids 142–167. The mass measurement error for that peptide was 1.3 ppm.
(B) Sequence alignment of the Par3 14-3-3 binding site in human (H.s.), rat (R.n.), mouse (M.s.), and Drosophila (D.m.).
(C) GST-14-3-3 pulldowns (PD) were performed on lysates (L) prepared from HEK 293 cells transfected with the amino terminus (residues
1-271) of either wild-type HA-Par3 (wt) or mutant HA-Par3 (S144A) and immunoblotted with anti-HA antibody. Equal amounts of GST-14-3-3
were confirmed by Ponceau stain.
(D) HEK 293 cells transfected with either HA-Par3(1-271)wt or HA-Par3(1-271)S144A were lysed, and cell lysates were subjected to electrophore-
sis and transferred to nitrocellulose prior to incubation with a radiolabeled GST-14-3-3 Far Western probe.
(E) HA-Par3(wt) and HA-Par3(S144A) stable MDCK cells were grown as a monolayer on filters, fixed, permeabilized, and immunostained with
antibodies against the indicated proteins.
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whether 14-3-3 may act in an analogous fashion and rectly interact with overexpressed HA-Par3(1-271)wt but
not with the mutant (Figure 3D). Interestingly, the S144Ascaffold Par3 to aPKC. In transiently transfected HEK
293 cells, we found that HA-aPKC was unable to coim- mutation in the context of full-length HA-Par3 did not
block its ability to be precipitated by full GST-14-3-3,munoprecpitate with Myc-14-3-3 alone (Figure 2D).
Only when HA-Par3 is coexpressed is HA-aPKC able indicating that there may be multiple 14-3-3 binding
sites within Par3 (data not shown). Alternatively, as re-to coimmunoprecipitate with Myc-14-3-3. In addition,
coexpression of aPKC does not enhance the coimmu- cent work has identified an amino-terminal Par3 oligo-
merization domain [12, 13], the mutant Par3 may effi-noprecipitation of HA-Par3 by Myc-14-3-3. These data
suggest that 14-3-3 does not serve to scaffold Par3 and ciently dimerize with endogenous 14-3-3 bound Par3.
MDCK stable cell lines expressing equal amounts ofaPKC. Also, it is unlikely that the 14-3-3 binding site
on Par3 is phosphorylated directly by aPKC because either wild-type HA-Par3 or HA-Par3(S144A) were cre-
ated (Figure S1 in the Supplemental Data). Both wild-coexpression of this kinase has no effect on the Par3/
14-3-3 interaction (Figure 2D). In addition, coexpression type and mutant HA-tagged Par3 correctly targeted to
the tight junction (Figure 3E). To examine the effect ofof a dominant-negative aPKC does not suppress the
ability of 14-3-3 to bind to Par3 (data not shown). this mutation on global cell polarity, an in-collagen cyst
model was utilized because cysts are more sensitiveBecause 14-3-3 has also been shown to be important
in D. melanogaster A-P axis determination [4], we exam- to alterations in cell polarity than are cells grown in a
monolayer [14]. In the cyst model, wild-type Par3 stableined whether the mammalian 14-3-3 could also bind to
Par3. A Myc-14-3-3 construct was generated by PCR MDCK cells are able to form relatively normal, organized
cysts with a central lumen, although compared to regularfrom a mouse kidney cDNA library and cotransfected
into HEK 293 cells with HA-Par3. Myc-14-3-3 was able MDCK cells, these cells exhibit delayed cyst formation.
Cysts grown from cells expressing the mutant Par3to immunoprecipitate HA-Par3 to a similar extent as
Myc-14-3-3 (Figure 2E). (S144A) are profoundly disorganized and lack the ability
to form a central lumen (Figure 4). Together, these data
demonstrate that phosphorylation of serine 144 pro-Identification of Par3 Serine 144
as a 14-3-3 Binding Site vides a docking site for 14-3-3 and thus allows an inter-
action that when blocked by mutation results in a defectTo determine the phosphorylated Par3 residues that act
as sites of 14-3-3 interaction, GST-14-3-3 was used in epithelial organization. This suggests that the interac-
tion of 14-3-3 with Par3 regulates the activity of theto purify overexpressed HA-Par3 from HEK293 cells. A
colloidal-Coomassie-stained gel chip of correct molecu- Par3/Par6/aPKC polarity complex.
lar mass was obtained and subjected to Fourier trans-
form ion cyclotron resonance (FT-ICR) mass spectrome- Overexpression of 14-3-3 Disrupts Polarity
In the C. elegans zygote, compared to the anterior Par3/try after tryptic digestion to identify phosphopeptides
[10]. Sequence coverage confirmed the identity of the Par6 and posterior Par1/Par2 localizations, localization
of Par5 is diffuse [1]. In order to examine the localizationexcised protein band as HA-Par3, and a phosphopep-
tide was identified corresponding to residues 142–167 of 14-3-3 in MDCK cells, we generated Myc-14-3-3
stable cells because commercially available 14-3-3 anti-of untagged human Par3 (Figure 3A). Scansite [11] analy-
sis of the human Par3 sequence revealed a predicted bodies are not specific to 14-3-3 (for expression levels
see Figure S2). In Myc-14-3-3 stable MDCK cells, 14-14-3-3 binding site at serine 144 that corresponds to
residues identified by mass spectrometry. Analysis of 3-3 staining is diffuse but enriched at areas of cell-cell
contact and in the apical domain (Figure 5A). In thesethis sequence shows it to be evolutionarily conserved
between Drosophila melanogaster and human (Figure cells, Myc-14-3-3 was able to effectively coimmuno-
precipitate endogenous Par3 and aPKC (Figure 5C).3B). To demonstrate that this site is able to bind 14-3-3,
we generated HA-Par3(1-271), an expression construct To examine what effect overexpression of 14-3-3might
have on global cell polarity, 14-3-3 stable MDCK cystsencoding the Par3 amino terminus including S144. When
expressed in HEK 293 cells, HA-Par3(1-271) could be were grown. Interestingly, we found that overexpression
resulted in a severe disruption of polarity as exhibitedefficiently precipitated with GST-14-3-3 (Figure 3C).
Mutation of serine 144 to alanine (S144A) blocked pre- by failure of the cysts to form a central lumen (Figure 5D)
similar to that observed for the HA-Par3(S144A) mutantcipitation of HA-Par3(1-271)S144A by GST-14-3-3, indi-
cating that phosphorylation of this residue is required (Figure 3E). In addition, mislocalization of the apical
marker gp135 was observed. However, this loss of polar-to bind 14-3-3 (Figure 3C). Direct interaction of 14-3-3
with this site was demonstrated by subjection of lysates ity is not observed in MDCK cells stably expressing the
Myc-14-3-3 phospho-motif binding mutants (K49E andfrom HEK 293 cells expressing either HA-Par3(1-271)wt
or HA-Par3(1-271)S144A to Far Western analysis with V176D), suggesting that the phosphorylation-dependent
interaction of 14-3-3 with Par3 is responsible for theGST-14-3-3 as a probe. GST-14-3-3 was able to di-
Figure 5. Overexpression of Wild-Type 14-3-3 Disrupts Polarity
(A and B) Myc-14-3-3 wild type (wt) and mutant (K49E and V176D) stable MDCK cells were grown as confluent monolayers for 48 hr, fixed,
permeabilized, and stained as indicated.
(C) Myc-14-3-3 was immunoprecipitated (IP) from stable MDCK cells and subjected to immunoblotting.
(D) Cysts of 14-3-3 stable MDCK cells (see [A]) were grown for ten days, fixed, permeabilized, and stained for Myc (white), gp135 (green),
actin (red), or nuclei (blue).
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observed phenotype (Figure 5D). The Par3 14-3-3 inter- are available. One explanation may be that the cellular
levels of 14-3-3 are tightly regulated to ensure the cor-action is unlikely to control the subcellular distribution of
Par3 because overexpression of the Myc-14-3-3 wild- rect stoichiometry for homo- and heterodimerization
between 14-3-3 isoforms, and overexpression of onetype or mutant did not mislocalize endogenous Par3
(Figure 5B). These results suggest that 14-3-3 does isoform may disrupt this stoichiometry. Alternatively,
overexpression of 14-3-3 may lead to a pool of non-not regulate the distribution of Par3 as is observed for
other 14-3-3 binding partners, such as the forkhead pro- Par3-associated 14-3-3 that sequesters other binding
partners that are normally recruited to the polarity com-teins [15].
plex through the 14-3-3-Par3 association.
In many cases, 14-3-3 binding motifs are substrates
Discussion for phosphorylation by AGC family protein kinases such
as PKA, PKB, and PKC. Unlike phosphorylation of Par3
Over the last few years, great advances have been made serine 827 [19], phosphorylation of serine 144 appears
in our understanding of the mechanisms employed to to be PKC independent. Interestingly, in a recent report,
generate polarized cell morphology. In particular, much the activity of the PKB-activating kinase PI3K was
has been learnt from studies in C. elegans and Drosoph- shown to be necessary for the correct localization of
ila melanogaster embryos, demonstrating the impor- Par3 to axons of hippocampal neurons [29]. To date,
tance of the conserved Par polarity proteins, such as few substrates for the Par1 and Par4 homologs have
the Par3/Par6/aPKC polarity complex [16–19]. However, been identified, and one may speculate that these ki-
the mechanisms by which these proteins are regulated nases may directly phosphorylate other members of the
by spatial and signaling cues are still poorly understood. Par family of polarity proteins. Indeed, recently it has
It is emerging that protein phosphorylation is a key been demonstrated that Drosophila 14-3-3 and  are
mechanism by which polarity proteins are regulated. For able to interact with Par1 via a putative 14-3-3 domain
instance, aPKC has been previously demonstrated to distinct from the phosphoserine binding region of the
phosphorylate Par3 at serine 827, which may regulate protein [4]. It has been proposed that 14-3-3 thus acts
the Par3-aPKC interaction [19] as well as hyper-phos- to target Par1 to its cellular substrates. This observation
phorylation of LGL [20–22], another polarity protein im- would suggest that 14-3-3 may act to functionally link
plicated in targeted vesicle trafficking. EMK1 and LKB1, the Par3/Par6/aPKC complex with mammalian Par1 ho-
serine/threonine kinases related to the C. elegans Par1 mologs. As such, determination of the kinases responsi-
and Par4 gene products, respectively, are also emerging ble for phosphorylating Par3 may provide further insight
as key regulators of cell polarity in both lower and higher into the precise regulation of cell polarity in multiple cell
eukaryotes [23–27]. types.
Here, we demonstrate that Par3 phosphorylation, in
Experimental Proceduresparticular at serine 144, provides a docking site for 14-
3-3 proteins. Disruption of this interaction by mutation
Antibodiesof this site or overexpression of 14-3-3 results in a loss
Mouse monoclonal anti-Myc (9E10) and rabbit polyclonal anti-HA
in epithelial cell polarity, suggesting that Par3 phosphor- (Y11, Upstate Biotech, Waltham, MA) antibodies were utilized for
ylation and subsequent 14-3-3 binding is a crucial mech- immunoprecipitation and Western blotting in HEK 293 experiments.
For MDCK Western blotting and immunostaining, mouse anti-Mycanism that regulates the function of the Par3/Par6/aPKC
(9E10), rabbit anti-PALS1, rabbit anti-Par3 (Upstate Biotech), rabbitcomplex. 14-3-3 proteins have been previously demon-
anti-PKC (Santa Cruz Biotech, Santa Cruz, CA), and mouse anti-strated to regulate numerous cellular processes by a
gp135 were used. Nuclei and cellular actin was visualized with DAPIvariety of different mechanisms, including subcellular
and rhodamine-phalloidin (Sigma, St. Louis, MO) respectively.
targeting, masking of phosphorylated residues from
phosphatase activity, and scaffolding of signaling mole- Cell Culture
MDCK type II cells and HEK293 cells were transfected and culturedcules (for review see [28]).
as described previously [2]. All stable MDCK cell lines were main-In this case, unlike the Raf-aPKC interaction [9], it
tained in media supplemented with 300 g/ml HygromycinBappears that 14-3-3 does not act as a scaffold to bring
(Roche). MDCK cell cysts were grown in three-dimensional collagenPar3 and aPKC into apposition. Also, neither mutation
gels as previously described [30, 31].
of Par3 nor that of 14-3-3 results in an alteration in their
respective subcellular distributions, so it is unlikely that DNA Constructs
HA-Par3 and HA-aPKCwere as previously described [2]. GST- andthe Par3-14-3-3 interaction regulates function of the po-
Myc-tagged 14-3-3 were generated by PCR from mouse kidneylarity complex by mediating its localization. Binding of
cDNA, and cloned into pGSTag and pRK5-Myc, respectively. Muta-14-3-3 to Par3 may modulate Par3 conformation and
genesis of 14-3-3 and Par3 constructs was performed as previouslypotentially regulate dimerization [12] or the interaction
described [32].
of other proteins with Par3.
The previous work on the C. elegans Par5 protein Immunostaining
MDCK monolayers were grown on 10 mm diameter Transwell filtersdemonstrated that loss of Par5 impaired correct polar-
and stained as previously described [2]. Filters were visualized withization of the embryo. In contrast, we find that overex-
a ZEISS LSM510 Axiovert 100M inverted confocal laser-scanningpression of 14-3-3 also results in impaired polarization
microscope.of epithelial cells. This observation is more difficult to
explain than loss of 14-3-3 expression because overex- Immunoprecipitation and Blotting
pression is unlikely to produce a gain-of-function effect Plasmids were transfected with Fugene6 reagent (Roche, Indianap-
olis, IN) into HEK293 cells grown to 50% confluency on 10 cm dishes.given that only a finite number of 14-3-3 binding sites
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After 48 hr, cells were collected in 0.5 ml lysis buffer (50 mM Tris Fourier transform ion cyclotron resonance mass spectrometry:
a primer. Mass Spectrom. Rev. 17, 1–35.[pH 7.4], 150 mM NaCl, 10% glycerol, 1% Triton X-100, 1.5 mM
MgCl2, 1 mM EGTA, 10 mM NaF, 10 mM Na4P2O7, 1 mM Na3VO5, 1 11. Obenauer, J.C., Cantley, L.C., and Yaffe, M.B. (2003). Scansite
2.0: proteome-wide prediction of cell signaling interactions us-mM phenylmethylsulfonyl fluoride, 10 g/ml leupeptin, and 20g/ml
aprotinin). For MDCK precipitation and immunodetection experi- ing short sequence motifs. Nucleic Acids Res. 31, 3635–3641.
12. Mizuno, K., Suzuki, A., Hirose, T., Kitamura, K., Kutsuzawa, Y.,ments, cells were grown to confluence on 15 cm dishes and ex-
tracted in 1 ml of lysis buffer. Lysates were cleared by centrifugation Futaki, M., Amano, Y., and Ohno, S. (2003). Self-association of
PAR-3 mediated by the conserved N-terminal domain contrib-(12,000 g for 15 minutes at 4	C). For CRB3 peptide pulldowns, CRB3
peptide (CARVPPTPNLKLPPEERLI, University of Michigan Peptide utes to the development of epithelial tight junctions. J. Biol.
Chem. 278, 31240–31250.Synthesis Facility) was coupled to Affigel beads (BioRad, Hercules,
CA) as per the manufacturer’s instructions. For GST-14-3-3 pull- 13. Benton, R., and Johnston, D.S. (2003). A conserved oligomeriza-
tion domain in Drosophila Bazooka/PAR-3 is important for api-downs, 5 g of GST protein was used per experiment. Immunopre-
cipitations and Western blotting was performed as previously de- cal localization and epithelial polarity. Curr. Biol. 13, 1330–1334.
14. O’Brien, L.E., Zegers, M.M., and Mostov, K.E. (2002). Opinion:scribed [2].
Building epithelial architecture: Insights from three-dimensional
culture models. Nat. Rev. Mol. Cell Biol. 3, 531–537.Supplemental Data
15. Brunet, A., Kanai, F., Stehn, J., Xu, J., Sarbassova, D., Frangioni,Two supplemental figures are available with this website online at
J.V., Dalal, S.N., DeCaprio, J.A., Greenberg, M.E., and Yaffe,http://www.current-biology.com/cgi/content/full/13/23/2082/DC1/.
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